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Comparison of the health risks associated with exposure to toxic metals and metalloids following
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Abstract

Crayfish, carp, and crab threaten the consumer’s health due to the enrichment of the toxic elements. The concen-
tration of the toxic elements (As, Cr, Cd, and Pb) in these aquatics was less investigated simultaneously in situ. In
this study, the toxic elements in these aquatics from the same site of Hanchuan, Hubei Province, China were mea-
sured by ICP-MS to assess the enrichment of the four toxic elements in them and the health risk to the consumer.
The results showed that the concentrations of these elements in muscle were lower than those in hepatopancreas/
liver, except for Cr in crayfish. Furthermore, the concentrations of Cd in the hepatopancreas of crayfish and crab
exceeded the standards of China and the European Union. Accordingly, the hepatopancreas of crayfish and crab
are not recommended for consumption. The estimated daily intake of these elements in the muscle of crayfish,
carp, and crab did not exceed the provisional tolerable daily intakes, the corresponding target hazard quotient
(THQ), and the cancer risk (CR) values for As were lower than 1 and 1 x 107, respectively. However, the accumu-
lated consumption of the muscle of the three freshwater catches could result in a significant increase in the total
THQ value. The total ingestion of the muscle of these catches should be limited. Collectively, these findings may
renew interest in food safety and the health risk to humans owing to the consumption of freshwater catches.

Keywords: Bighead carp (Hypophthalmichthys nobilis); Chinese mitten crab (Eriocheir sinensis); Red swamp crayfish
(Procambarus clarkii); Health risk assessment; Toxic elements

Introduction

The global consumption of aquatic animals, such as fish,
crayfish, shrimp, and crab, has remained high as these
animals contain beneficial proteins, polyunsaturated
fatty acids, and minerals (Jiang et al., 2014). The produc-
tion of freshwater catches has increased on a yearly basis
with increasing consumption. In China, up to 2,089,600
tons of crayfish (Procambarus clarkii) were produced

in 2019 owing to the increased area of rice-crayfish
co-culture (National Fisheries Technology Extension
Center and China Society of Fisheries, 2020). Bighead
carp (Hypophthalmichthys nobilis) is one of the most
important commercial aquaculture fish in China owing
to its high production, fast growth, and low price
(Hui et al., 2012). In 2019, the production of bighead
carp reached 3,101,637 metric tons in China. Crab, includ-
ing Chinese mitten crab (Eriocheir sinensis), is another

ISSN 1757-837X online, DOI 10.15586/qas.v14i4.1117


10.15586/qas
mailto:xufengbai@mail.hzau.edu.cn

Luo Cetal.

important aquatic product. In fact, the demand for this
product has sharply increased due to its delicious taste
and high nutritional value (Jiang et al., 2014). The produc-
tion of Chinese mitten crab continues to increase, with
778,682 metric tons produced in 2019 in China (Ministry
of Agriculture and Rural Affairs of the People’s Republic of
China et al., 2020). Although aquatic organisms have many
benefits to human health, their consumption could result
in health risk to humans as they contain toxic elements,
such as heavy metals and metalloid (Varol et al., 2017).

Nowadays, the accumulation of toxic elements in crayfish,
fish, and crab has attracted increasing attention. In fact,
few researchers sought to examine and assess the bioaccu-
mulation of toxic elements, such as arsenic (As), chromium
(Cr), cadmium (Cd), and lead (Pb), in these aquatic animals
(Fernandez-Trujillo et al., 2021; Ramon et al., 2021; Solgi
and Mirmohammadvali, 2021; Yang et al., 2021). In general,
the bioconcentration of toxic elements in aquatic animals
is associated with the environment and food chain (Koker
et al., 2021). Previously, fish was reported to absorb toxic
elements by ingesting particulate matter suspended in the
water (Varol et al., 2017). However, crayfish and crabs are
benthic organisms that mainly feed on benthic food in sedi-
ments, and can accumulate toxic elements from the sedi-
ments. Ultimately, the toxic elements from water and/or the
food chain can be absorbed and accumulated in the tissues
of gills, hepatopancreas, and the edible part of the muscle of
these aquatic animals (Nagarajan et al., 2019).

Due to the characteristics of bioaccumulation and bio-
magnification of the toxic elements, exposure to the
toxic elements could serve as a health risk to humans
(Samuel et al., 2021). Hexavalent chromium (Cr®") was
reported to display heavy toxicity, and chronic exposure
to this compound can cause skin cancer (Iwegbue et al.,
2015). As a carcinogen, Cr® can attack the respiratory
system, kidneys, and other vital organs (Varol et al.,
2017). Cd is a cell poison that can cause different types of
damage, including morphological damage and biochemi-
cal changes. Exposure to Cd can damage various tissues,
such as the liver, kidney, and lung, of humans (Huo et al.,
2017; Iwegbue et al., 2015). Pb is a neurotoxic compound
that can cause mental retardation in children and exert
adverse effects on the liver, kidney, and reproductive
system (Egbueri, 2020; Tahmasbian et al., 2014). As Pb is
also a highly toxic carcinogen, chronic exposure to this
compound can also cause functional damage in most
organ systems in humans (Ozturk et al., 2022).

The accumulation of toxic elements in aquatic animals
has garnered increasing global attention. However, several
studies only compared the concentrations of heavy metal
in sediment, water, and individual species, such as crayfish
(Bellante et al., 2015; Goretti et al., 2016), fish (Rather et al.,
2019), or crab (Cogun et al., 2017). Rajeshkumar et al.

investigated seasonal pollution of heavy metals in water,
sediment, and tissues of fish and oyster from the Meiliang
Bay of Tai Lake in China (Rajeshkumar et al., 2018).
However, these researchers did not assess the health risk
to humans. Furthermore, many studies have assessed the
health risk induced by toxic element contamination of sin-
gle species, such as crayfish (Peng et al., 2022; Sarkar et al.,
2016; Xiong et al., 2020), fish (Arisekar et al., 2020; Jiang
et al., 2018; Zaqoot et al., 2017), or crab (Barath Kumar
et al., 2019). In fact, several of these studies were performed
with fish and shellfish (Kumar et al., 2021) or fish and crabs
(Liu et al., 2020) obtained from different regions in different
countries. The consumption of freshwater catches, includ-
ing fish, crayfish, and crab, by humans is diverse and mixed
in most situations. To date, the health risk associated with
the accumulation of toxic elements in fish, crayfish, and
crabs has only been assessed in few comparative studies.
For instance, it was reported that the metal concentrations
showed great variability among fish species, and crabs had
higher toxic elements concentrations than shrimp and lob-
ster (Baki et al., 2018). Besides, crabs were more likely to
accumulate heavy metals than fish because of different bio-
accumulation patterns (Raknuzzaman et al., 2016).

In this study, the crayfish, carp, and crab and their aqua-
culture environment (culture water and surface sedi-
ments) were collected from Hanchuan of Hubei Province,
China. The main objectives of this study were to: (1) per-
form an in situ analysis of the bioaccumulation differences
of four toxic elements (Cd, Cr, As, and Pb) in the tissues of
these three species from the same environment, (2) con-
duct a health risk assessment and comparison of the toxic
elements caused by the consumption of crayfish, carp, and
crab using the estimated daily intake (EDI) risk model.

Materials and Methods
Sample collection

The three freshwater catches samples were collected
in Hanchuan, Hubei Province, China (N30°61272,
E113°82944) (Figure S1), which belongs to the lower
reaches of Hanjiang River and the hinterland of Jianghan
Plain, with a subtropical monsoon climate. Rice, fish, cray-
fish, and crab are the major products of the local farming.
Samples, including red swamp crayfish (2. clarkii), Chinese
mitten crab (E. sinensis), and bighead carp (H. nobilis),
were randomly obtained from three cultivated ponds in
September, 2020. The body weight of the collected cray-
fish, carps, and crabs ranged from 14 g to 58 g, 120 g to
988 g, and 51 g to 119 g, respectively. A total of 135 speci-
mens of crayfish, carp, and crab (45 for each species) were
collected to assess the accumulation of the toxic elements.
Three samples of culture water and sediment were col-
lected from each pond in plastic bottles and bags.
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Sample treatment and analysis

Crayfish, carp, and crab specimens were dissected to
obtain the (abdominal) muscle and hepatopancreas/
liver tissues. The tissue samples were dehydrated twice
with anhydrous ethanol to remove the oil and fat,
enabling easy grinding into powder once dried. The tis-
sues and sediment samples stored in petri dishes and
dried at 65°C were ground into powder and screened
(100 mesh). Thereafter, 500 mL culture water and 0.2 g
powdered tissue and sediment samples were mixed with
5 mL 65% HNO;, respectively. The mixed tissue and
sediment samples were digested in a microwave diges-
tion system (CEM, Mars6, USA, North Carolina) from
120°C to 180°C for 45 min, cooled to 25°C, and diluted
with deionized water (Goretti et al., 2016; Yang et al.,
2018).

The concentrations of Pb, Cd, Cr, and As in the samples
were determined by inductively coupled plasma mass
spectrometry (ICP-MS, Agilent 7700 series, USA). The
quality assurance/quality control (QA/QC) protocol
included blanks, with recalibration performed after
every 20 samples using standard solutions. The certi-
fied reference material (CRM) values of the four toxic
elements (As, Cd, Cr, and Pb) were 87.2 + 4.7 pg kg,
714 + 6.7 ug kg, 534.8 + 54.6 ug kg?, and 1526.6 *
107.7 pg kg, respectively. The limit of detection (LOD)
values for As, Cd, Cr, and Pb were 0.02 + 0.004 ug kg,
0.01 + 0.001 pg kg', 0.03 + 0.002 pg kg', and
0.01 + 0.002 pg kg!, respectively.

Health risk assessment

As the four toxic elements are nonbiodegradable, their
accumulation can be significant in crayfish, carp, and
crab. As a result, the consumption of these aquatic
organisms may have adverse effects in humans due to the
strong probability of translocation into the human diges-
tive systems through ingestion and subsequent trans-
port to other organ systems (Kumari and Maiti, 2019;
Nagarajan et al., 2019).

Calculation of the EDI

In general, the abdominal muscle of crayfish and crab is
edible; however, some individuals also favour the hepato-
pancreas of crayfish and crab. Therefore, the (abdominal)
muscle and hepatopancreas were selected in the present
study to assess the health risk. To estimate the average
daily toxic element load in the body system of a consumer
with a specific weight, the abdominal muscle and hepa-
topancreas of crayfish and crab and the muscle of carp
were used to calculate accumulation risk value of the four
toxic elements. EDI was calculated using the following
equation (Griboff et al., 2017; Hossain et al., 2022):

Comparison of the health risks

EDI =Ci x AR
BW

1)

where
Ci is the metal concentration in tissue samples
(mg kg'!, dry weight);
IR is the ingestion rate (g day™);
BW is the body weight (kg).

The element concentration in the tissue by wet weight was
converted using a conversion factor of 4.8 (Maurya et al.,
2019; Peng et al., 2022; Xiong et al., 2020). IR refers to the
daily average adult per capita consumption of crayfish, carp,
or crab based on the item—China, mainland (the crayfish
and crab from Hubei, China were mainly consumed by
Chinese people living on the mainland); food supply quan-
tity for “Crustacean” (10.54g capita’ day’, wet weight)
(FAOSTAT, 2013). Furthermore, the carp from Hubei,
China was mainly consumed by Chinese people; food sup-
ply quantity for “Freshwater Fish” (43.47 g capita™ day’,
wet weight) (FAOSTAT, 2013). The mean ratios of the
abdominal muscle and hepatopancreas to crayfish weight
(abdominal muscle/crayfish weight = 13.5%, hepatopan-
creas/crayfish weight = 6.32%) were determined using
150 crayfish whose body weight ranged from 25 g to 50 g.
The mean ratios of the muscle to carp weight were
57.73% (Wang et al., 2013). The mean ratio of abdomi-
nal muscle and hepatopancreas to crab weight was 22.8%
(Zhang, 2005) and 7.20% (calculated from experimental
samples in this study), respectively. The BW was set as
70 kg for adults (Igbal and Shah, 2014; Zhou et al., 2022)
and 20 kg for children (Griboff et al., 2017).

Target hazard quotient (THQ) assessment

The THQ, which can be used to assess the risk level of
noncarcinogenicity due to pollutant exposure, can be cal-
culated using the following equation (Xiong et al., 2020):

_ ED x EF x EDI

THQ = 103 2
Q=" xaT @

where
ED is the ingestion exposure duration (70 years);
EF is the ingestion exposure frequency (365 days year™);
EDI is the estimated daily intake;
AT is the average exposure time (equivalent to
EF x ED) (Naji et al., 2016; Zhou et al., 2022),
RfD is the oral reference dose (ug kg! day?; As, 0.3;
Cr, 1500; Cd, 1; Pb, 4) (Peng et al., 2022; Varol et al.,
2017). The limit of acceptable exposure is less than 1.
Accordingly, when the THQ exceeds 1, there is a risk
of hazardous impact (Kumar et al., 2021).

Cancer risk (CR) assessment
Daily exposure to some potential carcinogens will
increase the possibility of cancer development in humans.
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The CR owing to life-long exposure to toxic elements can
be calculated using the cancer slope factor (CSF) and the
following equation:

_ EFxED x IR x CSF
BW x AT

CR x 103 3)

where
EF, ED, IR, BW, and AT represent the variables in
equations (1) and (2).

The CSF of inorganic As is 1.5 mg kg™ d! (USEPA, 2016;
Zhou et al., 2022). Inorganic As accounts for approxi-
mately 3% of the total As (Copat et al., 2013; Varol et al.,
2017). According to the USEPA, a CR value between
1 x 10%and 1 x 10* is acceptable for humans. However, the
CR value should not exceed 1 x 10 (Hossain et al., 2022).

Statistical analysis

The data were statistically analysed using SPSS software
(v.20.0, SAS Institute, Inc. USA). The statistical means and
standard deviations were calculated. To assess the correla-
tion of toxic element concentrations in samples, Pearson’s
correlation was adopted. Differences were considered sta-
tistically significant at P < 0.05. Duncan’s test was used for
multiple comparisons to compare the bioaccumulation dif-
ferences of four toxic elements in the tissues of these three
species with two significance levels of P < 0.05 and P < 0.01.

Results

Comparison of the toxic elements in three freshwater
catches

The concentrations of four toxic elements (As, Cd,
Cr, and Pb) in different tissues of the three freshwater

catches (crayfish, carp, and crab) are presented in Table 1.
The concentrations of As, Cd, and Pb in the liver/hepato-
pancreas of the three freshwater catches were arranged
in the order: crayfish > crab > carp. The same trend was
also found for the concentration of As in the (abdominal)
muscle (Table 1). The concentrations of Cr and Pb in
the (abdominal) muscle appeared in the order carp >
crayfish > crab. Furthermore, the concentrations of Cr
in the liver/hepatopancreas and Cd in the (abdominal)
muscle were arranged in the order: carp > crab > cray-
fish and crab > crayfish > carp, respectively (Table 1).
On the other hand, the concentrations of the four toxic
elements in the edible part of the abdominal muscle
of crayfish and crab were arranged in the order: As >
Cr > Pb > Cd. The concentrations of As and Cd were
higher than those of Cr and Pb in the hepatopancreas
of crayfish and crab. The concentration trend of Cr >
As > Pb > Cd was observed in the liver and muscle of
carp (Table 1). Furthermore, the concentrations of the
four toxic elements in the liver/hepatopancreas were
higher than those in the (abdominal) muscle, except
for Cr in crayfish (Table 1). The concentrations of Cr,
Pb, and Cd in the (abdominal) muscle and hepato-
pancreas/liver were lower than the national standards
(GB2762-2017) of China and the EC standards (NO.
629/2008; NO. 1881/2006), except for Cd in the hepa-
topancreas of crayfish and crab (crayfish, 6.14 mg kg;
crab, 2.51 mg kg'; GB/EC, 2.40 mg kg?') (Table 1).

Relationship between the three freshwater catches and their
surrounding environment in terms of the toxic elements

The concentrations of the four toxic elements appeared
in the order: As > Pb > Cr > Cd in culture water, and
Cr > Pb > As > Cd in sediment (Table S1). The concentra-
tions of the four toxic elements in the culture environ-
ment (culture water and sediment) did not exceed the

Table 1. Concentrations of the four toxic elements in different tissues of three freshwater catches (mg kg, dry weight).

Tissues Crayfish Carp Carb GB EC

Elements Am He Muscle Liver Am He
Cr 0.53 £ 0.08% 0.39+0.238 0.75 £ 0.042 1.00 £ 0.48* 0.41£0.15 0.42 +0.25° 9.6 -
cv 0.15 0.51 0.05 0.48 0.37 0.6
As 1.64 £ 0.172 12.93 + 2.64* 0.38 £0.03° 0.67 £0.22¢ 1.49 £ 0.08° 3.48£0.928 - -
cv 0.10 0.2 0.08 0.33 0.05 0.26
Cd 10.15+5.15®  6.14 +1.03* 4.49 £0.14° 0.12 £0.02¢ 14.98 + 1.20°@ 2.51+0.308 24 24
cv 0.51 0.17 0.03 0.17 0.08 0.12
Pb 78.75+16.98%  0.48+0.134 0.1£0.022 0.3+0.098 52.77 £ 4.89" 0.35 + 0.05° 24 24
cv 0.22 0.27 0.2 0.3 0.09 0.14

Data are presented as mean  SD; Carp, bighead carp (H. nobilis); Crab, Chinese mitten crab (E. sinensis); Crayfish, red swamp crayfish (P, clarkii);
He, hepatopancreas, Am, abdominal muscle; CV, Coefficient of Variation; “*”, represent ug kg='; A, B, and C, ranked by Duncan test at P < 0.05 in the
hepatopancreas/liver; a, b, and c, ranked by Duncan’s test at P < 0.05 in the abdominal muscle; GB2762-2017; (EC) NO.629/2008, (EC) NO.1881/200.
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national criterion (GB11607-89 & GB15618-2018) of
China (Table S1).

The correlation coefficients for the four toxic elements
between the tissues of the three freshwater catches and
sediments, and culture water are shown in Table 2 and
Table S2, respectively. The concentrations of Cr in the
abdominal muscle and Cd in the hepatopancreas of
crayfish had a significant negative correlation with the
concentrations found in sediments (r¢, = —0.63, P < 0.05;
req = —0.79, P < 0.01) (Table 2). In contrast, the concen-
tration of Pb in the liver of carp had a significant positive
correlation with the concentration found in sediments
(rp, = 0.68, P < 0.05) (Table 2), and the concentration in
the liver of carp had a significant negative correlation
with that in culture water (rp, = —=0.75, P < 0.05) (Table S2).
In addition, the concentrations of As in the muscle
and Cd in the liver of carp were significantly nega-
tively correlated with those in sediments (r,; = —0.69,
P < 0.05; req = —0.63, P < 0.05) (Table 2). Furthermore,
the concentration of Cr in the abdominal muscle of
crab was significantly positively correlated with that in
sediments (r¢, = 0.95, P < 0.01), and significantly nega-
tively correlated with that in culture water (rc, = -0.70,
P <0.05). In contrast, the concentration of Cr in the hepa-
topancreas of crab was significantly positively correlated
with that in culture water (rc, = 0.97, P < 0.01), and sig-
nificantly negatively correlated with that in sediments
(re, = —0.70, P < 0.05) (Table 2, Table S2).

The
elements in

toxic
three

four
the

correlation coefficients of the
the same tissues of

Comparison of the health risks

freshwater catches are shown in Table 3. A significant
positive correlation was found between the concen-
tration of As and Cr in the hepatopancreas of cray-
fish and crab (r = 0.66, P < 0.05; r = 0.93, P < 0.01)
(Table 3). In contrast, a significant negative corre-
lation was found between the concentration of Cd
and Pb in the liver/hepatopancreas of carp and crab
(r =-0.92, P <0.01; r = -0.70, P < 0.05). Notably, the
same relationship was found in the muscle of carp
(r =-0.88, P < 0.01) (Table 3). Significant positive cor-
relation and negative correlation were derived for the
concentration of Cr and Pb in the abdominal muscle of
crayfish (r = 0.66, P < 0.05) and crab (r = -0.64, P < 0.05),
respectively (Table 3). A markedly significant negative
correlation was found between the concentration of As
and Pb in the (abdominal) muscle of crayfish and carp
(r=-0.89,P<0.01;r=-0.98, P<0.01), while a markedly
significant positive correlation (r = 0.87, P < 0.01) was
found between the concentration of As and Pb in the
abdominal muscle of crab (Table 3). Besides, a signifi-
cant positive correlation was found for the concen-
tration of As and Cd in the muscle of carp (r = 0.69,
P < 0.05) (Table 3).

Human health risk assessment

The EDI values for the four toxic elements in the three
freshwater catches are shown in Table 4. The EDI val-
ues of the four toxic elements for children (20 kg) and
adults (70 kg) were calculated based on the intake by
one Chinese person (Mainland) (FAOSTAT, 2013) and

Table 2. Correlation coefficients of the four toxic element concentrations between tissues and sediments.

Tissues Crayfish Carp Carb

Elements Am He Muscle Liver Am He
Cr -0.63* 0.49 0.39 -0.27 0.95* -0.70*
As -0.02 0.25 -0.69* -0.39 -0.18 -0.04
Cd -0.26 -0.79* 0.03 -0.63* 0.13 0.58
Pb 0.53 -0.39 -0.24 0.68* -0.31 -0.16

Carp, bighead carp (H. nobilis); Crab, Chinese mitten crab (E. sinensis); Crayfish, red swamp crayfish (P clarkii); He, hepatopancreas, Am, abdominal

muscle; “*” indicates P < 0.05; “**” indicates P < 0.01.

Table 3. Correlation coefficients of the four toxic element concentrations in the same tissue.

Am/M
Cr As Cd Pb
HelL
Cr 0.122/0.38°/0.17¢ 0.243/0.55°-0.53¢ 0.66/0.45°-0.64%"
As 0.66%/-0.45°/0.93°" -0.57%/0.69"/0.11¢ -0.89"/-0.98°"/-0.87¢"
Cd -0.38%/-0.08%/-0.03¢ -0.50%/-0.22°/0.09° 0.422/-0.88°"/0.26°
Pb -0.562/0.20°/-0.48° -0.0013/-0.03°/-0.32° -0.18%-0.92°"/-0.7¢

He, hepatopancreas, Am, abdominal muscle, M, muscle, L, liver; “*” indicates P < 0.05, ““*” indicates P < 0.01; “a” indicates red swamp crayfish

‘.

(P. clarkii); “b” indicates bighead carp (H. nobilis); “c” indicates Chinese mitten crab (E. sinensis).
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the concentrations of the toxic elements in the hepa-
topancreas and abdominal muscle of crayfish and
crab, with the exception of carp, whose only edible
tissue is muscle. The EDI values for the four toxic ele-
ments in the tissues of crayfish, carp, and crab were
less than 1.97 x 10* mg kg' day!, which is mark-
edly less than the provisional tolerable daily intakes
(PTDIs) (JECFA, 2013) for children (20 kg) and adults
(70 kg) (Table 4). The THQ values for the four toxic
elements in the hepatopancreas/liver and (abdominal)
muscle of the three freshwater catches are presented
in Table 5. The maximum THQ values for As owing to
the consumption of each of the three freshwater catches
by children were determined (0.21 < THQ < 0.38). The
THQ values for the other three toxic elements were
markedly less than 1. As exposure to the four toxic ele-
ments via consumption of the freshwater catches simul-
taneously occurs, the total THQ (tTHQ) value for the
four toxic elements was calculated to assess the addi-
tive health risk from the various toxic elements (Lu
etal.,2021; Madden, 2003). The tTHQ values for the con-
sumption of the (abdominal) muscle of carp and cray-
fish were the highest and lowest for children (0.34 and
0.08) and adults (0.10 and 0.02), respectively (Table 5).
The tTHQ value for the consumption of the hepato-
pancreas of crayfish by children was markedly higher
(0.34) than that of the consumption of the abdominal
muscle (0.08) of crayfish. In contrast, the tTHQ value
for the consumption of the hepatopancreas of crab
was slightly lower than that for the consumption of
the abdominal muscle of crab (Table 5). Because the
CSF was only available for As, its CR value for the tis-
sues in crayfish, carp, and crab was calculated and pre-
sented in Table 6. For children, the CR values of As in
the (abdominal) muscle of crayfish, crab, and carp were
1.10 x 10 1.68 x 10°, and 4.48 x 107, respectively.
A similar trend was found for the CR values (cray-
fish < crab < carp) for adults. The CR value of As was
higher for the consumption of crayfish hepatopancreas
than the abdominal muscle. However, the opposite
result was obtained for the consumption of the crab
tissues. Altogether, the CR values in this study were
markedly less than 1 x 10 (Table 6).

Discussion

Different levels of bioaccumulation of the toxic elements
in freshwater catches

Metals and metalloids are ubiquitously present in the
environment and can be enriched in organisms mainly
through the food chain (Gedik et al., 2017; Goretti et al.,
2016; Mohanasrinivasan et al., 2014; Xiong et al., 2020).
Compared with fish, crayfish and crabs are typical ben-
thic organisms. Accordingly, different bioaccumulation
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Table 5. Target hazard quotient (THQ) of the four toxic elements.

Comparison of the health risks

Species wBe(i)gzt Tissue Cr As Pb Cd tTHQ
Children Am 5.26 x 10°6 8.13x 102 2,93 x 10+ 150 x 10 0.08
oyt (20kg) He 1.79x 10 0.3 8.33 x 10 4.26 x 102 0.34
Adults Am 151 x 10 2.32 x10°2 8.25x 10°5 430 %10 0.02
(70kg) He 513 x 107 8.53 x 10 2.38 x 10 122 x 1072 0.10
(zg(')'dkrg)“ 1.31x 10 0.33 6.73 x 10 147 x 10°3 0.34

Carp M
{;g“llt;) 373 %105 9.47 x 10°2 192 x 10 3.40 x 10 0.10
Children Am 6.87 x 104 0.125 3.30 x 10 3.70 x 10 0.13
(20kg) He 224 x 10 9.17 x 1072 6.93x 10 1.98 x 102 0.1
creb Adults Am 1.95x 10 3.57 x 1072 9.50 x 10°5 1.10 x 10 0.04
(70kg) He 6.40 x 107 2,62 x 1072 1.98 x 10 566 x 103 0.03

Carp, bighead carp (H. nobilis); Crab, Chinese mitten crab (E. sinensis); Crayfish, red swamp crayfish (P clarkii); He, hepatopancreas, Am, abdominal
muscle, M, muscle; The tTHQ (total THQ value) was treated as the arithmetic sum of the individual metal THQ values.

patterns of metals and metalloid may occur in these
three freshwater catches. However, simultaneous inves-
tigations of the accumulation of toxic elements in three
freshwater catches from the same environment, includ-
ing crayfish, carp, and crab, which are frequently con-
sumed by humans, have rarely been performed. In this
study, the accumulation of four toxic elements was inves-
tigated in these freshwater catches and their common
environment. The concentrations of Cd (10.15 pg kg™)
and Pb (78.75 ug kg!) in the abdominal muscle of cray-
fish were lower than those in crayfish (Cd, 60 pg kg,
Pb, 2.24 mg kg?) from Louisiana, America (Gedik et al.,
2017), and crayfish (Cd, 2.4 mg kg*, Pb, 2.2 mg kg?)
from Italy (Goretti et al., 2016). The concentration of Cd
(14.98 ug kg') in the abdominal muscle of crab
was lower than the previously reported
centration (0.10 mg kg?') for crab from Jiangsu
province, China (Fan et al., 2021). The concen-
trations of Cd (4.49 pg kg') and Pb (0.1 mg kg?)
in the muscle of carp were lower than those of carp
(Cd, 50 ug kg, Pb, 0.71 mg kg!) from Shandong, China
(Li et al., 2015). The concentration of As (0.38 mg
kg') in the muscle of carp was close to the pre-
viously reported concentration (0.36 mg kg')
(Li et al., 2015). Besides, the crayfish and crab
evaluated in this study had a similar accumula-
tion pattern of the toxic elements (As > Cd > Pb)
in their hepatopancreas. These three toxic elements
appeared as follows in the hepatopancreas/liver of the
freshwater catches: crayfish > crab > carp. These results
further indicate that the three toxic elements had simi-
lar enrichment in crayfish and crab, which differed
from the enrichment in carp. This finding corresponds
to reports that revealed that different aquatic animals

con-

Table 6. Cancer risk (CR) estimate for As.

Body weight Tissue Crayfish C::p —
Chidren  AmM  1.10x10°  448x10° 168 x 10
(20kg) He  4.04x10° - 124 x 10
Aduts  AmM  313x1070  128x10%  4.81x10-0
(10kg) He  1.15x10° - 353 x 1010

Carp, bighead carp (H. nobilis); Crab, Chinese mitten crab (E. sinensis);
Crayfish, red swamp crayfish (P, clarkii); He, hepatopancreas; Am,
abdominal muscle, M, muscle.

have different enrichment levels of metal and metalloid
(crustaceans > fish) (Lu et al., 2021). Furthermore, the
concentrations of the four toxic elements were higher
in the hepatopancreas/liver than the (abdominal) mus-
cle of the three freshwater catches, except for Cr in
crayfish (Table 1), which aligns with previous studies
that found that the hepatopancreas/liver play a major
role in metabolism and tend to accumulate higher levels
of metals and metalloids than the (abdominal) muscle
(Goretti et al., 2016). Of note, the concentrations of Cr
and Pb in the (abdominal) muscle of the three freshwa-
ter catches showed the same trend (crab < crayfish <
carp), opposing that found for the concentration trend
of As and Cd (crayfish/crab > carp) in the (abdomi-
nal) muscle of the three freshwater catches (Table 1).
Together, these results suggest that the hepatopancreas
of crayfish and crab generally bioaccumulates more
toxic elements than that of carp. However, different bio-
accumulation levels of the toxic elements were found in
the (abdominal) muscle of the three freshwater catches.
Such a finding may be attributed to the distinct genetic
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regulation of absorption, transport, and metabolism of
the toxic elements among the freshwater catches.

Differences in the levels of bioaccumulation of the toxic
elements may be species-dependent

Fish can absorb toxic elements by ingesting particulate
matter suspended in water (Varol et al., 2017). However,
crayfish and crab are benthic organisms and thus mainly
feed on benthic food in sediments, which can accumu-
late toxic elements from sediments. In this study, the
concentration of four toxic elements in the hepatopan-
creas/liver and (abdominal) muscle and in sediment and
cultural water was investigated. Based on the results,
the concentration of the four toxic elements in the sedi-
ments had a significant correlation with that in tissues
of the three freshwater catches (Table 2). For example,
the concentration of As and Pb in the sediment had
significant negative (r = -0.69, P < 0.05) and positive
(r = 0.68, P < 0.05) correlations with the concentration
in the muscle and liver of carp, respectively. The concen-
tration of Cr in the sediment had a significant negative
(r = -0.63, P < 0.05) or positive (r = 0.95, P < 0.01) corre-
lation with that in the abdominal muscle of crayfish and
crab, respectively. However, only the concentrations of
Cr and Pb in cultured water correlated with those found
in the tissue of carp and crab, respectively (Table S2). In
particular, no significant correlation was found between
the tissues of crayfish and cultured water for any of the
toxic elements. Compared to cultured water, sediments
had a higher correlation with the bioaccumulation of
toxic elements in the freshwater catches. These results
align with those of previous reports (Nagarajan et al.,
2019; Varol et al., 2017). Furthermore, the concentrations
of Cr in the hepatopancreas of crab, As in the muscle
of carp, and Cd in the hepatopancreas of crayfish were,
respectively, and significantly negatively correlated with
those in the sediment; however, the concentrations of
Cr in the abdominal muscle of crab and Pb in the liver
of carp were significantly positively correlated with the
concentrations in sediment, respectively (Table 2). These
results indicate that the accumulation of toxic elements
in different freshwater catches might not be completely
dependent on their living environment, but may be also
species dependent.

The consumption of crayfish is associated with a lower
risk to human health than carp and crab

Aquatic products are important food sources for human
beings. These products are not only rich in nutrients but
also impact people’s choice of eating. Nonetheless, the
consumption of aquatic animals has markedly increased
human exposure to toxic elements (Varol et al., 2017). To

date, the health risk associated with the individual con-
sumption of crayfish, carp, or crab was assessed in dif-
ferent studies from several countries (Jiang et al., 2018;
Kumar et al., 2021; Lu et al., 2021). However, only few
comparative studies have been conducted to assess the
health risk associated with the consumption of fish, cray-
fish, and crabs that accumulate toxic elements in their
tissues. Consumers often consume various freshwater
catches, such as crayfish, carp, and crab at the same time.
The health risk caused by the consumption of multiple
food types should thus be assessed. In the present study,
the health risk caused by the consumption of crayfish,
carp, and crab were assessed together. In addition, the
health risks for adults and children were separately con-
sidered as children are more sensitive to pollutants than
adults (Lu et al., 2021). The EDI values for the four toxic
elements in the (abdominal) muscle of crayfish, carp, and
crab were less than the PTDIs (JECFA, 2013) for children
(20 kg) and adults (70 kg) (Table 4). Such findings suggest
that a very low risk is associated with the consumption of
the three freshwater organisms. Furthermore, the THQ
and CR associated with the consumption of the (abdomi-
nal) muscle of the freshwater catches were markedly
below the acceptable thresholds (THQ < 1 and CR < 10°9).
However, consuming the three freshwater organisms at
the same time could increase the THQ and CR values. In
particular, the sum of the tTHQ values for the consump-
tion of the hepatopancreas of crayfish and crab was 0.45
for children (20 kg) and 0.13 for adults (70 kg); these val-
ues are remarkably higher than those (0.21 for children,
0.06 for adults) obtained for the abdominal muscle. In
addition to the high concentration of the toxic elements
in the hepatopancreas of crayfish and crab, the Cd con-
centration in the hepatopancreas of crayfish and crab
exceeded the national standards (GB2762-2017) of China
and the EC standards (NO. 629/2008; NO. 1881/2006)
(Table 1). Therefore, the hepatopancreas of crayfish and
crab should not be consumed by humans. The THQ val-
ues associated with the consumption of the (abdominal)
muscle of the three freshwater catches were arranged in
the order of crayfish (0.08 for children, 0.02 for adults)
< crab (0.13 for children, 0.04 for adults) < carp (0.34 for
children, 0.10 for adults). As tTHQ increases with the
mixed consumption of the (abdominal) muscle of the
three freshwater catches, a multiple-low-dose approach
should be adopted for the (abdominal) muscle, especially
that of the carp when consumed by children.

Conclusion

The concentrations of toxic elements (As, Cd, and Pb)
in the (abdominal) muscle were found to be markedly
lower than those in the hepatopancreas/liver of the three
freshwater catches (crayfish, carp, crab). Therefore, it is
suggested that the hepatopancreas of crayfish and crab
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should not be consumed due to their high concentra-
tion of toxic elements. The EDI of these elements in the
(abdominal) muscle of crayfish, carp, and crab did not
exceed the PTDIs, and the THQ and CR associated with
the consumption of the (abdominal) muscle were mark-
edly below the acceptable thresholds (THQ < 1 and CR
< 10). Of note, consuming the (abdominal) muscle of
one of the freshwater animals does not pose a health
risk to human beings. However, the tTHQ value could
significantly increase if the (abdominal) muscles of the
three freshwater catches are simultaneously consumed.
Altogether, a multiple-low-dose approach is suggested
for the consumption of the (abdominal) muscle of the
three freshwater catches by humans.

Limitations of study and perspectives for future research

The three toxic elements (As, Cd, and Pb) had a higher
enrichment in the hepatopancreas/liver of the three
freshwater catches compared to that of the (abdominal)
muscle. On the contrary, Cr had a higher enrichment in
the abdominal muscle than that in the hepatopancreas of
crayfish. However, the molecular mechanism of the dif-
ferent enrichment of the toxic elements among the differ-
ent freshwater catches could not be explored here, which
needs to be further dissected in a later study. Besides, due
to experimental limitations, only three freshwater catches
were investigated to carry out toxic elements detection
and health risk assessment in this study. The additional
aquatics from the different regions of the world should be
further investigated in future studies.
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Figure S1. Location map of specimen collection. “ *” indicates the sampling site.

il Huanggang

Table S1. Concentrations of the four toxic element in culture environment.

Elements Cr As Cd Pb
Culture water (ug L") 1.33+0.29 13.19£9.32 0.02 £ 0.002 1.71£0.51
GB 100 50 5 50
Sediment (mg kg™") 59.99 £4.20 8.77x1.11 0.30 £ 0.05 24.34 £2.81
GB 250 30 0.4 100

Data are presented as mean + SD; The reference standard of culture water samples is GB11607-89; The reference standard of sediment samples is
GB15618-2018.

Table S2. Correlation coefficients of the four toxic element concentrations between tissues and culture water.

Tissues Crayfish Carp Crab

Elements Am He Muscle Liver Am He
Cr 0.27 -0.56 -0.08 0.09 -0.70* 0.97*
As 0.46 -0.04 -0.45 -0.50 0.26 -0.27
Cd -0.32 0.10 -0.54 0.30 0.5 0.22
Pb -0.33 0.33 -0.11 -0.75* 0.48 0.24

Carp, bighead carp (H. nobilis); Crab, Chinese Mitten crab (E. sinensis); Crayfish, red swamp crayfish (P clarkii); He, hepatopancreas, Am, abdominal
muscle; “*” indicates P < 0.05; “**” indicates P < 0.01.
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